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, ;hlmn‘ ) A comprehensne summary of results was prepared on plutomum distnbution and
s transport 1 Los Alamos and Trimitv Site studv areas Despite differences in ecosysrems
sdolo_tes and plutomum source, there are several simulariries in pluromum distribution berween Los
Hpcesses Alamos and Trimuty Sue study areas First the souls/sediment component coniains
<isbin Jr ) wrtually all the plutomum inventory, with segeranion and rodenss contamung less than

0 1% of the total i all cases.

Plutoruum has penetrared to consideroble soil depths atr both locarions, although it
has occurred much more rapidly and to a grearer degree in the alluvial soil ar Los Alamos
than in the arid terrestrial sy stem ar Triniey Site However, i all cases less than 505% of
soil-column plutonium wnentories was found i the surface 25 cm The plutomum
penetration depth appears to correspond to the moisture penerrarion depth at Trinity

t Site Tlus is probablv the goverming factor at Los Alamos although storm runoff and _
accompanying turbulent nuxing processes complicate the process In Acid~Pueblo
Canvon, the bulk of the soil column inventory les n the lower projiles, an indication of
' the loss of the plutontum from surface layers due to sediment transport
Soul plutonium, m most cases was associared with relamnely coarse size fracnions The
‘ silt~clav (<53 wn) fraction contaned relamnelv hitle (<15%) of the plutonwm tius
replects the small amounts of tlus size jraction i studv area soils 4n exception was
Area 2l at Triniy, where the <53 wn soil size jracnon contamned about 73% of soul
plutonum wnsentones The importance of these distribunional differences was demoi-
strated for Trnimirv Site, where Bagnold dust samples from Area 21 contained 545
. silt—clav material and samples from Area Ground Zero (GZ) contawned less than 105 of
tlus marerial

Concentrations i herbaccous regetarion were generallv relared to those in souls from

' oll sites Our behef, elthough unsubstantiared, 15 that external contamination of the plant
surfaces 1§ the major contanunatng mecharmsm n these arid s\stems The plutomum
concentrations in certain rodent tissues from all studv areas were related 10 corresponding
sull concentrations. Over 95%% of the plutontum bodv burdent i rodents was associated
wuh pelt and gestrownrestinal tract samples, idicoting the dominance of phsical
processes as the contanunating mechaiusm

Horizontal transport of svil plutomum 1s donunated bv phy sical processes At Los
qlamaos water gorverns the downstream transport of soil plutonum and indications are
that wind 1s a relarnely mwre important transport vector ar Trmey Size

I no case was there evidoncee for trophic level imcrease Jue 1o phi sioloeical processes
as plutonuon passes jrom the soil 1o yegeration 1o the rodonrs although jood habus of
rodenes are not known sufjiaenth to preclude a rropiuc level increase We belhiere
‘ hewerer that rodents most likeh come mio contect wirh emvironmenial plutonium
, directhy from the sold and not through a jood web mrermediary
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404 TRANSLRANIC ELEMENTS IN THL ENVIRONMINT

Several reviews on environmental plutoum distnbution and transport indicated a
general lack of published field data from representatine areas ot the United States
(Francis, 1973, Pnce, 1973, Romney, 1977, Hanson 1975, Hakonson 1975) Seseral
field studies of plutonsum have been mitiated 1n the last few years to address
informational needs at a number of locations which encompass 2 wide spectrum of
ciimatc conditions ranging from deserts to humid torests and contain plutonium trom
industnial, weapons, or accidental release sources
The companson of plutonium data from two southwest ecosystems in this chapter s
one step 1n the total synthesis of information from various regions of the United States
where types of ecosystems and sources of plutonium differ The southwest United States
18 an important study locale because of the energy acuvities that may develop and the
lack of understanding of the processes 1n and systems which govern distnibution and
transport of contamunants. In this regard studies on environmental plutonium are usetul
to develop an undersianding of patterns that are apphcable to the transport and fate ot
other matenals

The objectne of this chapter 15 to use exisuing plutonium contamunation in the
canyon waste areas at Los Alamos and in the grasslands 1n the fallout zone at Trinitv Sue

o To evaluate the role of environmental transport processes in distribuung and
redistributing surface mputs of plutoruum.

o To evaluate the transport of environmental plutonium to the biosphere and the
relationships that lead to the potenual for human exposure

e To compare plutonium behavior 1n these two major southwest ecoty pes

The tasks in this study were to (1) document plutonium inputs where possible
(2) dsvelop an understanding of distnbutions by inventory of major environmental
components, and (3) evaluate transters as tunctions of ecological vanables Plutonum as
used 1n this chapter, denotes ***Puand or 3% **%py

Site Descriptions

Los 4lamos

The canyons at Los Alamos in north central New Mexico (Fig 1) are nupicat o1 those
1n the southwest plateau region ot New Mewico Anzona Colorado and Ltah They vary
from 10m to vver 200 m in Jdepth and were formed bv water erosion ot the volcanic
substrate of the Pajanito Plateau The area has a sermand continental mountain chimate
(Table 1) with annual precipitanion ranging from about 20 to 50 cm as clevation increases
from 1650 to 2200 m raintall accounts tor sbout 75% of the annual precipitation
Drainage from the 113km® Liboraton site 1s via the manv canvons that bisect the
plateau The biotic resources of the canvons are dinverse (Miera et 2l 1977) 1otal
vegetatne ground cover 1s vanable but generally hich and approaches 1007% in some areas
owing to the dense oserstory which 1s partlv due to the industnal hquid effluents

Nearlv all the hiquid wastes generated by the Luboratory wnee 1943 have been
wollected by industnial waste hines treated (since 1951} and released mto one ot three
vanyons (Fig 1) The results ot studies in two ot these canvons are vmphasized 1 ths
chapter since thev represent the extremes mn temporal use lustorv  [he oldest
waste-receming area s \ad- Pueblo Canvon which was used trom 1943 10 1963 and
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406 TRANSURANIC ELEMENTS IN THE ENVIRONMENT

TABLE 1 Some Charactenistics of Plutoruum Studv Areas at Los Alamos
and Trinuty, New Mexico

Mortandad Acid-Pueblo Area GZ Area 21
Annual precipitation 431082 39 to 54 121025 30to 30
em
Average annual 78 71 15 12
temperature, *C
Range ~26 to 36 -23t0 31 ~51t0 39 -4 10 38
Soil Sandy alluvium  Sandy alluvium  Sandv loam Loam
Sod pH 861092 711079 75w84 821084
Sod cation exchange capaaitv, 0 06 to 009 00510010 00210002 002t0 003
equivalents/hg soil
Soil organie carbon, % 01010040 00410054 040t0 070 075tol §
Clay mineralogy Amorphous Amorphous Mised Mived
Plutonium source Industnal Industnial Weapon tallout Weapon tallout
hquid offluent  hiquid ettluent
“ Soy 239.340pya3spy 0 35+ 100* 124 21+
- concentration ratio,
<N ®C/g)/(rC/p)
>3 Weathering time of pluto- Otoll 141030 28 28
:‘ fuum i envronment (3 1) as

of 1973, the year most ot
the data in this paper
were collected

*See Miera et al (1977) Nahan VMhera and Peters (197640)
4+See Neher and Bailev (1976)

LR U!“ﬂl‘ e

recened an esumated 173 mCi of plutomum Mortandad Canvon has been used for the
feast amount of time (from 1963 to present) and currentlv receives most of the
Laboratory’s hquid waste plutonium As of 1973 and 1974 the years from wnich data 1n
this chapter were collected. Mortandad Canvon had recenved about 61 mCi ot plutonium

Surface water exists 1n the upper reaches of both canvons as a result o1 Laboratory
effluents and/or domestic sewage treatment effluent the lower portions ot the canyons
are normally dry Surface water, including the pulse releases of plutonium-contaminated
hiquid effluent rapidlv percolates into the alluvium and generally disapoears about 1 km
downstream Relatnely large flows occur in both canvons during storm runotf events
Storm runoff reaches the Rio Grande via Acid~Pueblo and Los Alumes Canvons (Fig 1),
but the runotf water in Mortandad Canvon rapidly soaks into the thick alluvial deposits
and seldom reaches postouttall distances bevond 3 km Manv rainstorms at Los Alamos
are intense of short duration and result 1n dramauc {lash floods in the canyons

Trinuey

Trnity  Site and the gssoutated tallout zone s located 1n the northern end ot the

R Tularosa basia 1n south centrat New Mevico (Fie 1) The recton s charactenizea (Table 1)
- i, Bt 4 "

Y by low ramtal (12 1o 40 em) hi_h summer temperatures tcommonly greater than 37°CL
RS> é{“zi and severe wand and water crosion on evposed and disturbed cround surtaces Raintall
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accounts for about 90% of the annual precipitation The area supports a relatnelv dense
vegetation cover, considenng the region, total vegetative ground cover ranges trom about
15 to 255 (Neher and Badey, 1976)

On July 16, 1945, a 20 ht atormuc bomb was detonated 31 m above the ground
surface at Trinuty Site dunng a relatively unstable climatic regime when winds were to the
northeast and were accompanied by mtermattent thundershowers Fallout trom the cloud
deposited tn a northeast direction in the general pattern outlined in Fig 1 (Larson et al,
1951) Relatively high fallout deposiuion occurred on Chupadera Mesa about 35 to 55 km
from the crater. The reasons for the heavy deposition 1n this zone are unknown but mav
be related to weather or topographic factors The elevation increases from about 1500 m
at the crater to 2100 m on Chupadera Mesa The fallout zone waithin 15 km of the crater
1s on the White Sands Missile Range, which 1s under U S Army junsdiction Bevond 15
} km the fallout zone 1s on mixed pnvate and public (Bureau of Land Management State

and U S. Forest Service) lands that are used heavily for domestic ivestock grazing

- e —— St e———————

Plutomium Distribution

General

The chromic release of treated hquid effluents to the Los Alamos vanvons has resulted

in soil plutoruum concentrations that are generally much higher than those at Tnmuty
" Site Concentrations of a few hundred picocunes per gram (dry weight) are found 1n souls
from the canyons, whereas those 1in Trniity sods average less than | pCi'g (Table 2)
Worldwide fallout concentrations of 22? 24%Pu 1n Los Alamos and Tnmtv Site souls
average about 0 01 pCr'g (Apt and Lee, 1976 Nvhan Miera and Neher 1976b)

TABLE 2 Rangesin Plutomum Concentration and Varabihtv
Estimates in Some Los Alamos and Trinity Ecosyvstem
Componentsn 1973 and 1974

Component* Los Alamos Tunuv TR :
Soil (0 to 15 vm) o g
pLa Pu'g 1-290¢ 002-032 =7
CVvs 032-2 052-058 5‘5;-':'2“-:
nCi Pu m? 190-H0000 28-63 ) -;-:
Vegeution g:}% Z
pCiPu'g 008-76 0002-037 E-.:.:#s z
v 065-22 038-11 -a‘»’;
pCt Py, m? 07-600 007-3 Py §
Rodunts 238 3]
1Ci Pule 7-100 3-100 f;:ii 3
cvi 016-13 052-13 33 =
{Ci Pu'm? 02-20 0032 o551 ¢
3
*Drv weht concentrations [ﬁ‘g £
Hmdudes 33 Puand 2% 749y ] Z
sCoddtivient of varton (LN = aandard doviation nuam ‘i' M
i
ik
F 1
jargs 1]
sl
3
Sr i 3
z
e
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408 TRANSLRANIC ELLMLNTS IN THE CNVIROVVLAT

Vegetauon at both study locations contains the highest plutonium concentrations of
any biotic component yet examined (Hahonson and Bosuch 1976) Plutonum
concentrations tn native grasses and forbs ranged from 008 to 76 pCi'g (drv weight) at
Los Alamos and from 0 002 to 0 37 pCi/g 1n the Trinity fallout zone levels in vegetation
generally do not exceed those in corresponding sod samples Additonally, the highest
plutonium concentrations were associated wath plants growing closest 10 the ground
surface, taller growth forms. such as shrubs and trees contained the lowest concentra.
tions (Halonson and Bosuck 1976, Hakonson and Johnson 1974

Plutonium concentrations in rodents, as representatnes of the pnmary consumer

trophic level, reflect the low physiological availabihity of the element Pooled samples of _

internal organs from rodents generally do not contain measurable levels of plutonium.
even though habitat souls may contain up to a few hundred picocunes per gram
Plutonium concentrations 1n whole rodents ranged from anal tical detection hirmits of
about § fCi/g to a few hundred femtocunes per gram most of this radioactity was
associated wath samples of pelt and gastromntestinal (GI) tract and contents

Plutomum concentration sanabihity, as characterized by the coetiicent of vanation in
sous, plants, and animals, was uniformly hugh at all studv sites [t commonly vaned up to
20, with extreme values approaching 3 0 (llakonson and Bostich 1976 \vhan \iera
and Neher, 1976b) Vanabiliuv ot this magnitude has been observed ot several
environmental plutonium study sites in the United States (Little 1976 Gilbert and
Eberhardt, 1976) and results 1n the need tor very large sample sizes in field expeniments
(Gubert and Eberhardt 1976. White and Hakonson, 1978)

Soils

Horizonrel Distriourion.  Hornzontal plutonmium concentration graaients are evident in
both study areas retlecting the dispersion 1rom point sources ot plutoruum Concentra-
uons 1n the Los Alamos stream channels decrease one to two orders of magnitude 1n 2
predictable fashion (Nyhan. \bera and Peters 19763 ilakonson and Bosuch 1976)
withan 10 hm of the etfTuent sources whercas ssmular duferences vecur over much greater
distances ot Tnmitv and do not necessanlv decrease with aistance For example,
plutonium concentrauons in Tnnity sods gradually inerease from 4 minimam just outside
the crater 1o a manmum Jat aoout 30 hm from the crater (\Nyhun Miera and Neher
1976b Larsonetral. 1951)

Liquid ertluent raaionuchdes at Los Alamos have been transported laterallv into the
stream banhs as well as to Jownstream areas Stream bank soils accumudate radionuchides
to levels cquivdent to adiacent channel sol (\romvmous 1977) 2na thev sene 25 3
lone-term source ul these matenals to stream-bank biota The stream banks wiulh are
heavily vegetated retard the dowmtream movement of radionudides since thev are not
sucject to the severe erosion encountered n the channel

Although plutomium concenirations average much hizher in the canvons than at
Trmity, the extent of the contamnauion in the canvons is contined to less than 0 1 km?
whereas the Jowlevel conmtarmnanon gt Tnansy Site covers savera thousand square
Mometers Consequentlv the ccosvstems at nsh at Los \lumuos re exposed to hiher
cuneentrations ol plutomum Sbon those ot Taray howeser he greas imolved are
vnaller gad corredineg achon could be 1aken more asily snomd it wver be necessan
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LCOLOGICAL RLLATIONSHIPS OF PLUTONILM 409

Vertical Distribution Some data from Area 21 (see Fig 1) at Tnmity Site indicate that
the plutonium oniginally deposited on those environs 1n 1945 has been depleted from the
soll surface over 2 23 yr period (Table 3) Area 21 souds contained about 700 nCi 'm? 1n
1950 (Olafson, Nishita, and Larson, 1957} and 18 nCi/'m® 1n 1973 (Nyhan Muera, and
Neher, 1976b)

The depletion of plutonium from the sod surface 15 pnmanlv due 1o the verncal
transport of the element into the sou profile rather than to honizontal transport awav
from the study site by wind or water. Evidence that plutomum has migrated into the sl
profile at the two Trimity Site Jocations 1s Ylustrated 1n Table 4 and 1s presented i1n detail
by Nyhan, Miera, and Neher (1976b) In 1973 plutonium was detected at the 28- and
35-cm depths at Areas GZ and 21, respecinely, whereas in 1950 plutonium was conlined
exclusinely to the surface 2 § em (Olafson, Nishita, and Larson, 1957) The partterns of

. distribution with depth were typical of those obsenned in terrestnial sods in that
‘ plutonium concentrations decreased with depth

TABLE 3 Comparison of Plutonium Concentrations

in Surface (0 to 2 5 em) Sosls from Chupadera \ewa

as 3 Function of Time After the Atomic Bomb Test
at Trinity Sitein 1945

Plutonism concentation nCi m?

1950 1951 1973¢

74610 3112 3310 30% 18(0 451t
n=é n=3 n=§

*Data tor 1950 snd 1931 t.om Larson ot b o195 1)
and Ofatsun \aluts and Larson 1927)

“Da13 1ar 1973 1 win Nahan Miora and Nher (19760

2Parenthene salue s outfivnnt ol sanation
(CV = vtandurd duviapon, ke an)

TABLE 4 “Mean Percent Plutomium Inventory in Soil Profiles trom
Los Alamos and Trimity Site Studv Loucations m New Mevico

Teinty Site® Los Alamov=
D.pth em Area LZ \rea 2l D.pth em Mortandad Aund < Pudhlo

FEE R

‘ U,-Z.S Qg IS JUQ dt 0-21% 2000 447 4040 6y ;,;.4 : :
* 25.50 1507 19060 25-78 MR 1060 4%y R
5-10 0 6Ly 78-12% 105D MUTIRY ;—ﬁi;
) 10-15 15067 SOo)  125-%0 23079 6710 1% TR
i 0-3 17 H lwtw e
' e S
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410  TRANSURANIC LLLCMENTS IN THL FNVIRONMENT

The depth of plutoruum transport into channel and bank sod profles in the Los
Alamos canyons 1s much greater than that at Trinity In areas where permanent surface
water exists (1e, Mortandad Canvon) elevated plutomium concentrations are found at
depths of 100 ¢m in the channel and at depths of 30 ¢cm in the stream bank Plutonium
concentrations win channel sods do not show any consistent patterns with sampling depth
whereas decreasing concentrations with depth are evident .n bank soils In downstream
areas which are dry except during penods of storm runotf plutonium occurs at depths of
at Jeast 30 cm (Nyhan, Miera, and Peters, 1976a)

The transport of plutonium into the channel alluvium and stream bank sou has been
rzpid, as shown by the presence of elevated 232 Pu at the lower sampling depths Elevated
338Py was obsened at sou depths of 30 cm 1n Mortandad Canyon 1n 1972, about 4 vr
after the first sigmificant release of this element to the canyon (Hakonson and Bostuick
1976) In contrast, fallout 23%+24°Py 1n Tninuty sods Syr after the bomb test was
confined to the upper 2 § em of sod (Olafson, Nishita and Larson 1957)

A common feature of plutonium distribution 1n sods from both locations was that in
1974 less than one half the total plutonium in the sod column was present in the surface
25 ¢cm (Table 4) despite differences 1n sods and source of plutonium In Acid—Pueblo
Canyon 10yr after the decommussioning of those faciities for waste disposal an average
of 67% of the sol column inventory was below the 12 5-cm depth which reflects
depletion of plutoruum from the surface layers by vertical and hornizontal 1ransoort
processes Previous stuaies in the canyons have shown that honzontal transoort of soid
dunng storm runoff events 15 an important mechanism in the downstream transport of
plutonium (Purty mun, 1974, Hakhonson Nyhan, and Purtymun, 1976)

The depleuion of plutonium from the soil surface decreases the probabihity of
honzontal transport bv wind and water but may increase the probaoility of uptake by
vegetation dunrg the time that the element 1s distnbuted within the plant rooung zone
However, over long penods of ume conunued movement of plutomium mnto the soil
profile may remove the element from the biologicaily active zone vl the soil

Particle Size Relationsmips  The hignest concentrations of plutonium in soil at the Los
Alamos and Area 21 Jocations were associated wath the sdt~clay traction whereas this
fracuon at Area GZ, 1 km from the crater contained the lowest concentrations of
plutomum (Table ) (Nyhan Miera and Neher 1976b N\vhan Miera and Peters 1976¢)
At the GZ locanon 'he highest concentrations were measured in the 1- to 2 mm soil
particles which perhaes retledts the phy sical charactensiics ot the tallout debns near the
detonation site and or deplenon ot the plutonum trom smaller size tractions by wind or
water transport vectors Decreasing plutomum paracle sizes with increasing Jistance 1rom
the crater were also noted at weapons 1est sites in Nevada (Romney  1977)

The inventorv of plutormmum among the vanous sod size tractions n surtace sols at
the Los Alamos and Area GZ Tnnuv studv sites was simyar in that the sili— lav size
fracuon (<33 um) comensed less than 107 of the sod muass and contained less than 1355
of the plutomum (Table 5). whercas vver 80% ot the plutomium was sssociated with sol
particles greater tnan 33 pm\vhan Micra and Neher 1976 N\vhun Miera and Peters
19760) The reserse was true at \red 21 Tomiy Site where the #5341 1raction
wompnsed 30 7 of 'l e sol mass and contained vver T07 ot the soil plutonium inventon
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TABLE 5 Comparatne Distribution of Plutonium in Surface Soil
(0 to 2 5 cm) Size Fractions at the Los Alamos and Trinitv Studv Areas

Soil size fraction®

<53uym* $3-105um 105-500pum 500-1000uwm 1-2mm 2-23mm

Mortandad Canyon

pCi Pu'pt 15000 13000 6100 3oy 870 69 0
Soil wuight, % 22 18 140 210 260 350
Pun tracuon, % 140 60 270 2t 160 160

- Acd-Pueblo Canyon

pCi Pufgt 850 600 250 88 79 50
Soil weight, % 3o 30 160 260 280 240
Puintraction, ¢ 70 70 310 190 170 190

Tnnity Site, \rea GZ

pCi Pulpd 007 00S 092 21 53 001

Sod weiht 2 8Y 110 490 230 61 20

Pu in rraction, ©5 07 043 360 3%0 250 vul
Trnity Site \rea 21

pCi Pulgt 38 17 042 064 16 023

Sail neht. % 360 180 50 42 -9 110

Pun fracuon. % 730 160 53 14 243 18

*Se2e 1raction data based on composite sumples
TPy Juroles primanly *2° Puan Mortandad Camvon and 2 *®Pu gt all other study locanans

Vegetation

Plant Suil Relanionvups.  The concentrations of plutonium 11 the studv areavegetation
were relared to the leve's of plutonium i assocated sods (Fig 2) The relationshio
between plutonium concentrations 1n vegetation and i soils was predictable over a range
of five ordars of magnutude 1n concentrations thus relationshio 1s similar to relationships
that were observed in the Rocky Flats emvirons (Little 1976)

Plant=suill plutonium concentration ratios {CR = picocuries per gram ot tegetationt
picocurnies per gram ol soil) are 3 comenuent means of esimzung the plu.onium levels in
vegetaion growmng on contamnated soils  Ratio estimates tor natine grasses in the Lus
Alataoy and Trmity Site study areas (1able oY ranged trom O US 1o 1 2 whereas the values
for torhs ranzed trom V04 10 1 1 AL these ranos e hish rehitive to those domved 1rom
<o punmental studies where soot uptike wis the contmunatiion mech mism (Romney ad
Dvas 1972 Wabon and Cline 19000 viadh indicates that aither plutonmnm s muan
more available 1o plants undoer iUl condinons or that medhamsias other than root
unt the are rosponsible tor e plutonuan o nurcd i phaint sunplos trom the 1l

e relatne siounts ol lutomum assoaated with the mternal nd external pornons
ot the veautation gre duficult 1o assas under Celd condiions slthouon we contend 1hat
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Fig. 2 Ridanonship of awiraee plutonum concentration in berbacuous vigetanion
(grasses and 1orbs combined) and 1a corresponding soils in Los \lamos and Tnnits Site
study arcas

TABLE 6 Plutonium Concentration Ratios for Vezetation and \«octited Soils
from Loy Alumos and Trmis Study Sites

Mutomum conceniranon ratin®

Los \lamoc Fanity Nate

Component  a Mortandad Canvon a0 \ud<DPucblo Cmvon n \vtaGd  n \rea 21

Corass 24 R VRLY 1y 01t LSSRLLLLY TV R DI L BT\ I
1 oth In LR T 1" I TUIRAY] 17 0nd@vsr 21 1 ovd)
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most of the plutonium 1n our study areas 15 externallv deposited on plant surfaces
Information supporting this conclusion includes

- o The lgh plant/soil plutorsum concentration ratios vompared to greenhouse studies
o The vbvious presence of sod 1n vegetation samples

In addstion other invesngators have shown that some of the plutomum associated with
natine vegetanion samples can be removed by a wash treatment (Alldredze Arthur, and
thatt. 1977).

-

LY

Raodents

Rodenr-Soil Relenwonships.  Plutomum in anternal organs (1e  Iner bone and muscle)
of rodents sampled within our studv aress generallv could not be measured Howerver
2 concentrations of plutonsumn pelt and Gl tract samples were readdy measured and were

o s hba aa

TABLE 7 Insentorv of Plutomum m Small
VMammal Tissues from Mortandad Canvon

4

-

Pcreunt ot total  Total plutomum * Percent 1o1al
Ticcve body weight rCry plutomum

Pult 23 035 LA
Gl tract 10 13 ~60
Lung by 0034 002
' Liver 3 0035 05
" Carcass 69 0018 28

1 nd At .

Y Bawd on win poolcd sumples

directlvy correlated with lesels i the study 2rea soils (1° =090) Orver V375 of the
flutomum body burdens in redents was assoaated wath these two ussues as snown by
the Jatas tor Mortandad Cenvonan Tuble 7 Thus we conclude that in our studs areas
phvsical and bwlogieal jrocesses e contamimanion ot the pelt ur irgestion ot so.)
RTINS Jominate 1n the transport ot plutonmum 1o rodents

Plutomum Insentories

ihe tractional distnbution of plutomum 1in Los \lumos and Tty ecosvsiem
components (Tible ) s based on quantitatine estmates of ecosvstem component mass
\rea 21 terams per square meter) and corresponding plutonium Coneentrations (MIcowunes 1ot

e samare meter) m those commantments The distnbunion o1 plutonium amons fice
C 9 contenents wis weneralls duite sumilae between sites in thar over 997 of the plutemuia
s aawoctited with sodd and foss than 17 wath brote Live sezetation contsined 10 ™ o
Yt ) of the plutomury mventory We conddude that very hutle of the environmontal
W tonnnd caeaent an our sty sroas has aopeired 1 the oloscal componepts of the
cUsAEa st atter TOe of oatosure Those resuits are essentalh the same as those

wonvud st Pocly Bl ma Ok Redge clattle 1970 Dihliman Garten ond Hakopson
13T \l'lll“‘k’

|

|




T

414  TRANSLRINIC LLLMENTS IN TIHE ENVIROVMLNT

TABLE 8 Plutonuum fuventory Ratiws for Some Components of Los Alames
and Trinity Study Areas in New \Meaico

Plutonium nscntory ratio®

Los Alamos Tty
Componenmi® n  \Mortandad Camon n  Ackd-Pucblo Camon n Area b2 n Ares 21
Grass 24 41 x10°'(090) 20 $6x107°(16) 13 20x10°°(099) 16 13x10°(076)
forb 16 48x10-%(12) 11 17x1074(1 %) 17 172107100 21 38530740 D
Litter S 16x107*(20) J 11x107%08D
Rodents 33 185x107NOTN 48 45x107'%(099) <40 3T7x10TMIT) 20 23x10°Y(047)
Souit 29 09%(0 00009 23 0990001 8 099(00003) 8 09%(0 00008)

*Inventory ratio = (pCi Pu/m? wn component)/(total pCi Pu/m?) All plutonium values are 22° 3¢ Py except
Mortandad Canyon which 18 *?*Pu parenthetic value 18 coetficient of vanation (LV = standard deviation/meant

The relative inventory of plutonium within all our study ecosystems 15 governed
pnmarly by component mass relationships since differences 1in mass of the vanous
ecosy stem components are much greater than the ditferences in plutonium concentrations
between the same components The data in Table 9 demonstrate that mass inventory
ratios for Monandad Canyon provide a good appronumaunon of the plutonium inventory
ratio

TABLE 9 Mass and Plutonium Inventory Ratios
in Mortandad Canvon at Los Alamos

Component  Massinventory Plutonmum
Component mass g/m? ratio mn\entorv rano®
Soil
(0to 15 wm) 23x10¢ 0999 04999
Grass 200 90x10"% 41x10"*
Ford vv 44x107* 48x10*
Rodents 0ol 13x107? 13x10™°

*Dats from Table S

Plutonium Transport

Suils

Rainstorm runotf in the intermuttent streams receiving wastes was idenutied over 30 yr
ago 1n the environmential transport of plutomum (hangslev 1947y Addinonal studies
were beyun 1o determune the relanonships ot raintall runotl and suspenued sadiments
with radionuchide transport (Purtvmun, 1974 Purtvmun Johnson and Joln 1966
Hakonson, Nyhan, and Purty mun. 1976)

Results of these studies Jdemonstrate that rundif from snow melt and sarnirer
rainstorms senves as 3 radionuchde transport vector in Los Alamos intermuttert streams
ind  that Jhe muaeaned? or b transport s hichhy dopendont on abe byvdrolous
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LCOIOGICAL RLLATIONSIIIPS OF PLUTONIUM 415

charactenistics of the walershed and the intensnv of runoff flow (Purtymun, 1974,
Hakonson, Nyhan, and Purtymun 1976) The dependency of concentrations of
suspended sediments and plutonium in runotf on ilow rate 1s indicated 1n Fig 3 for one
ramnstorm runoff event 1n Mortandad Canyon The nonlineanty in the cune s due to the
relationship of flow rate with the particle size of resuspended matenal At flows less than
025 m?/sec, only the sudt—ilay size maternals were 1n suspension in the runoff However,
at flows greater than 025 m?/sec. coarser sands containing most of the sediment
plutonium inventorv (Table 5) were resuspended, which resulted 1n increased suspended
sediment and radionuchide concentrations High flow rates typically occur duning the
early phases of runoff events at Los Alamos owing to the intense nature and short
duration of area rainstorms We found that nearly 80% of the sediment and 70% of the
radioactivity was transported within the first half of such events

Additionally, there was a highly significant (P < 0 01) relauionshio between sus-
pended sediment and radionuchde concentrations 1n runotf water About 99% of the
radioactinity in runoff was associated with suspended sediments greater than 045 umn
diameter. whereas only 1% of the radicactinity in the hiquid phase was associated with
sediments less thzn 0 45 um in diameter
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416 TRANSURANIC FLEVMENTS IN THE 1 NVIRONMINT

Studies were recently begun on wind transpornt of plutomumn the Trimty fallout
zone where evidence of wind erosion of soil 1s readilv apparent  Although these studes
are not complete, several important observations have been made Fust sod flux by
surtace creep and saliation processes 1s highlv seasonal and has peaked in the months of
July and August for two consecutine years of observation Second soil particle size
analyses on dust-collector samples show major differences in the amount of sit—clay
matenal between study sites About half the dust material at Area 21 15 in the sdt—clay
size range, whereas less than 15 of collected dust at Area GZ s 1n the silt—clay size range
These differences become 1mportant when coupled wath the plutonium concentrations in
the vanous sod particle size fractions (from Table 5) For example silt—clay matenal in
dust colléctors at Area 21 contains over 200 times as much plutonium as the silt—clay

. fraction of dust samples at Area GZ

Summary and Conclusions

Despite differences 1n ecosystems and plutomum source. there are several simulanues in
plutonium distnbution between the Los Alamos and Trimitvy srudv areas First the
sods—sediment component contains wirtually all the plutonium. with vegetation and
rodents containing less than 0 17 of the total Plutonium hus penetrated to considerable
soud depths at both locations although it has occurred much more rapialv and to a greater
degres 1n the aduwvial sod at Los Alamos than in the and terrestnal soils at Tty At

both locations less than 30% of sod column plutonium insentornies was found 1n the
surface 2 5cm.

The plutormium penetrztion depth appears to correspond to the moisture penetration
, depth mn the Tnmty fallout zone Tlus is probably the governing factor at Los Alamos
- although storm runoff and accompanying turbulent mining complicate the process In
Aaid—Pueblo Canyon. the bulk ot the soil column insentory hies in the lower profiles an
indication of the Joss of plutonium from surface layers due to sediment transport
-’*‘3’.»::1";‘?’5::}%5_ The plutonium 1n most cases was associated with relatnelv voarse suil size tractions
e i The silt=Jlay (<33 um) iraction contaned relatnvelv bude € <13 ¢) o1 e plutonum 4
reflection of the small amounts ot tlus size traction in study area soils An exception was
in Area 21 at Tnnnty where the <33 um soil size fracuion contamned about 73% ot soil
plutonium imentones The importance of these disinbubional ditferences stemrs from the
fact that sut—clay sod marticles can be transported farther and are more Likely to adhere
to biological surtaves than larger size tractions

Concentrations 1n herbaceous ground vegetation were generally related to those in
sous from all sites. Our Jaia strongly indicate that external vontamination ot plant
surfaces 15 the mawor suil 1o vlant transport mechanism in these and svstems The
plutomum conuentrations in pelt and Gl tissues were related 1o worresponding soil
concentrations Jt 4l sites Over 9537 of the plutontum bodv burden in rodents was
assouaated wath pelt and Gl tract samples an indication ot the dominance ot physical
and or polumeal prowesses os the vontaminating mechanism

),
Lad aawtida oy 2Y0y

ot

Hournizental teansport o both areas 1s dominated by wind- ind vater drnven processes
\t h)a \].!R'I\N SUrIJCe FUNO witer soverns the dJownstream transprorr ol I‘Illll\!lllhﬂ
ridieations are that wind 8 1 rclativey more mmportant nmspoit sector o Trimis
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ECOI OGICAL RLLATIONSIIIPS OF PLUTONUM 417

although splash up of sou by raindrops mav be an important transport mechanism 1n
these and, sparsely vegetated study locations

There was no ewidence for a trophic Jevel increase of plutomum from soid to
vegetation to rodents. We behieve that rodents come into contact with environmental
plutonium directly from the soul and to a lesser extent through a food web intermediary

Research Needs

The importance of the sous component as a receptor of plutonium released to the Los
Alamos and Tnnity Site study areas coupled with the direct role these soils play in
contamination of biota emphasizes the importance of understanding soil formauon and
transport processes Factors governing these processes will be instrumental in determinming
plutonium distnbution and transport as a function of time Hvdrologic and wind
transport processes discriminate against certain sol particle sizes therejore studies on the
relationship of plutonium to sod separates wall be wseful 1n evaluating the potennial
importance of a transport pathway and the resulting hazard We know for example thart
wind transport of sidt—clay matenal at Area GZ Trinaty Site would represent a relamnely
smaller inhalation hazard than corresponding transport at Area 21 simply because the
sit—clay fraction of Area GZ sod contains very little of the plutonium inventory

Factors affecting mugration of plutonium into the sod prosile reousre understanding
since depletion of plutonium from the soud surtace will Iikely reduce the honzontal
transport potential and may alter the availabiity of the clement to vegetauion

Field studies should be conducted to quantify the relative importance of the root
pathway for contarunating iegetauon to sene as a basis for judmng changes in
physiological availability of environmental plutonium with time  As yet tew field studies
have been able to show conclusinelv the relatine unportance of the two contamination
mechanisms,

In our opmion studies should be continued on the avarilability of plutomum to naune
amimals 1 our study ccosystems however on the basis ot present concentrations and the
high vanabihty associated with these measurements. we beheve that the trequency ot
samphing should be drastically reduced Perhaos sumphing at intenals ot 510 10 yr would
be adequate to judge whether signiticant Changes in plutonium avalability have occurred
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